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gpgrTFTCATION 

TITLE OF THE INV ENTION 

SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor device, 
and particularly relates to structures of memory array and sense 
amplifier units included in the semiconductor device. 

BACKGROUND OF THF t INVENTION 

A list of references referred to by the present 
specification is as follows. Reference will be made to such 
references according to reference numbers. They are [Reference 
1] : Japanese Patent Laid-open No. H5-41081, [Reference 2] : Ultra 
Micro-Fabrication Technology, pp. 27-41, Edited by The Japan 
Society of Applied Phys ics /Author : Gi Tokuyama, First Edition 
issued by Ohm Co., Ltd., Feb. 25, 1997, and [Reference 3 ]: Japanese 
Patent Laid-Open No. H9-135004. 

The [Reference 1 ] describes the layout or placement of sense 
amplifiers and data lines where an open data line arrangement 
is taken in divided plural memory mats. In particular, Fig. 3 
describes sense amplifiers of a so-called alternate-layout type 
that one sense amplifier is placed per two data lines adjacent 



to each other, and one thereof is connected to its corresponding 
sense amplifier of the right side sense amplifier block, whereas 
the remaining one is connected to its corresponding sense 
amplifier of the left side sense amplifier block. [Reference 
2] describes a phase shift method indicating one lithography 
technology for forming micro or fine patterns on the semiconductor 
wafer. [Reference 3] describes an example illustration of mask 
patterns in a memory array of a so-called one intersecting-point 

memory cell system. 

Two types of typical memory array constituting methods of 
(1) the one intersecting-point memory cell method or system (or 
open data line arrangement) and (2) the two intersecting-point 
memory cell method or system (folded data line arrangement) are 
known for a dynamic random access memory (DRAM) . Commercializing 
of products has been started from DRAM of the one 
intersecting-point memory cell system historically. However, 
the one intersecting-point memory cell system has been changed 
over to the two intersecting-point memory cell system with a 
64K-bit DRAM as the boundary. The present commercialized 
256M-bit DRAM also uses the two intersecting-point memory cell 
system. It is however known that the theoretical minimum memory 
cell area employed in DRAM is equal to eight times (8F 2 ) the square 
of the minimum feature size F in the two intersecting-point memory 
cell system, whereas the minimum memory cell area is equal to 



6F 2 reduced by 25% from 8F 2 in the one intersecting-point memory 
cell system. Here, the minimum feature size F corresponds to 
the minimum interval required to separate between patterns, which 
is determined by the technology of processing a semiconductor 
integrated circuit, such as optical lithography or the like. The 
minimum feature size F is the design unit. Namely, all the mask 
patterns are designed with F as the unit in the semiconductor 
integrated circuit, and a specific size of F is applied thereto 
according to a realistic processing technology. If the two 
intersecting-point memory cell system is kept using from now on, 
then one simply depends on a reduction in the minimum feature 
size F. A drastic reduction in memory cell area cannot be 
expected . Therefore , the inventors of the present invention have 
discussed the application of the one intersecting-point memory 
cell system capable of expecting the reduction in the memory cell 
area under the design technique to an array configuration or 
structure of mass-storage memories. 

Fig. 23 shows a memory array which adopts bit-line 
multi-division and a sense-amplifier alternate layout in the one 
intersecting-point memory cell system described in Fig. 3 of 
[Reference 1]. In the present memory array, the connections of 
sense amplifiers and data lines are made according to a simple 
one rule. Data lines for one memory array (e.g., SMA(i)) are 
connected to an adjacent two sense amplifiers (e.g. , SAl and SA2 ) 



on alternate lines (e.g., DR(i)l and DR(i)2). As shown in this 
figure, one intersect ing-point array having memory cells at all 
points where word lines and data lines intersect, needs to lay 
out one sense amplifier for two data lines even if the sense 
amplifiers are alternately placed. The pitch of wiring for 
implementing the layout shown in Fig. 23 is limited by the 
lithography technology. 

As the lithography technology for forming fine- or 
micro-patterns, the phase shift method has been used in recent 
years . Traditional photo-masks had openings for controlling the 
simple transmission of light alone. On the other hand, each of 
photo-masks employed in the phase shift method has a first opening 
for allowing light to pass therethrough, and a second opening 
for allowing the light to pass therethrough with the phase of 
the transmitted light as a 180° difference with respect to the 
first opening (shifting the phase thereof by 180° and allowing 
the light to pass) . When lights cancel each other out in an area 
to which the first opening and the second opening adjoin, finer 
lithography is accomplished even if the same wavelength of light 
is used. Details on the phase shift method itself have been 
described in [Reference 2]. The assignment of phases to their 
corresponding patters (phase layout or arrangement) becomes an 
important upon adoption of the phase shift method. Namely, the 
wiring-to-wiring pitch must be extended depending on phase 



assignment methods. Unless the most suitable phase assignment 
is done, a layout area cannot be reduced. 

The inventors of the present invention have noticed the 
need for special consideration to the method of connecting the 
sense amplifiers and the data lines for the memory cell arrays 
upon forming the memory arrays having adopted the bit line 
multi-division and the sense amplifier alternate layout in the 
one intersecting-point memory cell system by using the phase shift 
method. Namely, unless consideration is given to the phase 
assignment, wiring pitch and patterns, failures such as a break 
in wiring and a short circuit in wiring are apt to occur in the 
boundary between areas in which patterns such as those for the 
memory arrays and sense amplifiers are different. 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to provide 
a system for laying out sense amplifiers, which is required to 
implement a one intersecting-point system corresponding to a 
memory array configuration or structure capable of reducing a 
chip area. 

More specifically, the present invention aims to implement 
a pattern system for wiring data lines between memory arrays and 
sense amplifiers, which is suitable for lithography using a phase 
shift method. 



A typical example of the present invention will be explained 
as follows: There is provided a semiconductor device comprising 
a first memory array including a plurality of first memory cells 
provided at points where a first data line group including first 
through fourth data lines, and a plurality of first word lines 
intersect; a second memory array including a plurality of second 
memory cells provided at points where a second data line group 
including fifth through eighth data lines, and a plurality of 
second word lines intersect; and a first sense amplifier block 
provided in an area between the first and second memory arrays 
and including first and second sense amplifiers adjacent to each 
other, wherein the first sense amplifier is connected to the first 
data line and one of the data lines included in the second data 
line group so as to take an open data line arrangement, the second 
sense amplifier is connected to the fourth data line and another 
one of the data lines included in the second data line group so 
as to take an open data line arrangement, and the second and third 
data lines are placed between the first data line and the fourth 
data line. 

BRIEF DESCRIPTIO N OF THE DRAWINGS 

Fig. 1 is a connection layout showing data lines employed 
in a first embodiment (4:5 arrangement (part 1)); 
Fig. 2 is a circuit diagram of Fig. 1; 



Fig. 3A shows mask patterns of Fig. 1; 

Fig. 3B still shows mask patterns of Fig. 1; 

Fig. 4 is a cross-sectional view of a sense amplifier 
section shown in Figs. 3A and 3B; 

Fig. 5A illustrates mask patterns of a one 
intersecting-point memory array; 

Fig. 5B still illustrates mask patterns of a one 
intersecting-point memory array; 

Fig. 6 is a connection layout showing the data lines 
employed in the first embodiment (4:5 arrangement (part 2)); 

Fig. 7 is a circuit diagram of Fig. 6; 

Fig. 8 is a block diagram showing the whole synchronous 

DRAM; 

Fig. 9 is a block diagram illustrating details on a memory 

bank; 

Fig. 10 is a connection layout showing data lines employed 
in a second embodiment (4:4 arrangement (part 1)); 

Fig. 11 is a connection layout depicting the data lines 
employed in the second embodiment (4:4 arrangement (part 2)); 

Fig. 12A shows mask patterns of Fig. 10; 

Fig. 12B still shows mask patterns of Fig. 10; 

Fig. 13 is a cross-sectional view of a sense amplifier 
section shown in Figs. 12A and 12B; 

Fig. 14 is a connection layout showing data lines employed 
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in a third embodiment (4:6 arrangement (part 1)); 

Fig. 15 is a connection layout illustrating the data lines 
employed in the third embodiment (4:6 arrangement (part 2); 

Fig. 16A shows mask patterns of Fig. 14; 

Fig. 16B still shows mask patterns of Fig. 14; 

Fig. 17 is a cross-sectional view of a sense amplifier 
section shown in Figs. 16A and 16B; 

Fig. 18 is a connection layout illustrating the data lines 
employed in the third embodiment (4:6 arrangement (part 3)); 

Fig. 19 is a connection layout showing the data lines 
employed in the third embodiment (4:6 arrangement (part 4)); 

Fig. 20 is a connection layout illustrating data lines 
employed in the fourth embodiment (4:5 arrangement); 

Fig. 21 is a connection layout showing the data lines 
employed in the fourth embodiment (4:4 arrangement)); 

Fig. 22 is a connection layout depicting the data lines 
employed in the fourth embodiment (4:6 arrangement)); and 

Fig. 23 is a configuration diagram of a one 
intersecting-point memory array. 

DETAILED DESCRIPTTON OF TH K PREFERRED EMBODIMENT 

Preferred embodiments of the present invention will 
hereinafter be described in detail with reference to the 
accompanying drawings . 



Although not restricted in particular, circuit elements, 
which constitute respective blocks employed in the embodiments, 
are formed on a single semiconductor substrate like mono-crystal 
silicon by the known integrated circuit technology of CMOS 
(Complementary MOS transistors ) or the like. Of circuits symbols 
of MOSFETs (Metal Oxide Semiconductor Field Effect Transistors) , 
those free of arrows represent N-type MOSFETs (NMOS) and are 
distinguished from P-type MOSFETs (PMOS) with arrows. MOSFETs 
are simplified in the interest of an abbreviated name and is called 
. "MOS". However, the present invention is not limited only to 
a field effect transistor including an oxide insulating film 
provided between a metal gate and a semiconductor layer. The 
present invention is applied to a circuit using common FETs such 
as MISFETs (Metal Insulator Semiconductor Field Effect 
Transistors), etc. 
<First embodiment> 

Fig. 1 is a diagram typically showing a characteristic 
portion of a region in which data lines and sense amplifiers 
employed in a first embodiment of the present invention are 
connected to one another. Prior to the description of detailed 
internal characteristics of Fig. 1, a description will be given 
from a global image of a semiconductor device to which the present 
invention is applied, with reference to Figs. 8 and 9. 
[1-1. Overall configuration of SDRAM] 
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Fig. 8 shows an overall block of a synchronous DRAM (SDRAM) 
indicating a typical example to which the present invention is 
applied. Respective circuit blocks are operated according to 
timing for internal control signals formed or produced by a timing 
signal generator TG to which control signals are inputted. The 
control signals inputted to the TG include a chip select signal 
/CS, a row address strobe signal /RAS, a column address strobe 
signal, and a write enable signal /WE, which are inputted with 
timing for a clock signal CLK. Combinations of these control 
signals and address signals are called commands. A clock enable 
signal CKE determines whether the clock signal is valid or invalid. 
Further, an input/output mask signal DQM is a signal for 
controlling a data input /output buffer I/O B to mask data inputted 
and outputted from input /output terminals (DQO, ... DQn). VG 
is a voltage generator of the SDRAM, which supplies a step-up 
or boosting voltage for each word line (VPP) , a substrate or board 
voltage (VBB), an array voltage (VDL), a peripheral circuit 
voltage (VCL), etc. 

The SDRAM adopts an address multi-system wherein a row 
address and a column address are inputted from address input 
terminals (AO, Al, ... An) on a time-sharing basis . A row address 
inputted to a row address buffer XAB is decoded by a row decoder 
X-DEC to select a specific word line in one memory array MA, 
whereby a memory cell corresponding to one word is in a selected 
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state correspondingly. When a column address is inputted to a 
column address buffer YAB subsequently, a memory cell for 
performing reading or writing is further selected by a column 
address decoder Y-DEC. Incidentally, while the SDRAM normally 
has a plurality of memory arrays (or memory banks) specified by 
bank addresses respectively, only one memory array MA (BANK 0) 
is typically illustrated in the present drawing. 

Fig. 9 shows an enlarged view of the neighborhood of the 
memory array MA. The memory array MA includes a plurality of 
sub memory arrays SMA placed in matrix form. Although not 
restricted in particular, the memory array MA adopts a 
hierarchical word line architecture and has one side along which 
a main word driver sequence MWD is placed. A main word line MWL 
connected to the MWD is provided in a metal wiring layer (M2 wiring 
15 layer) corresponding to an upper layer so as to extend over the 
plurality of SMA. A configuration of each sub memory array SMA 
is a one intersecting-point memory array structure or 
configuration wherein memory cells are respectively placed in 
all points .where a plurality of word lines (WLl, WL2, WL3, 
WL4, ...) and a plurality of data lines (Dl, D2, D3, D4 , ...) 
intersect. 

Sub word drivers SWD respectively provided in association 
with word lines are respectively provided above and below the 
sub array memories SMA. Each sub word driver SWD is activated 
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by a control signal from the main word line MWL and a FX driver 
FXD to select its corresponding one word line. The FX drivers 
FXD are respectively provided within cross areas XA, each 
corresponding to a region or area surrounded by SWD and SAB. 
However, only blank boxes are drawn in Fig. 9. When a word shunt 
system is adopted as an alternative to the hierarchical word line 
architecture, through holes and contacts for connecting word 
lines for the lining each formed of a metal such as Al, which 
are provided in an upper layer, and word lines each common to 
a gate of a lower poly-silicon layer are provided within SWD as 
an alternative to the sub word drivers. In this case, SWD can 
be called word shunt areas respectively. A common Y decoder 
system wherein column select lines YSL outputted from column 
select line drivers YSD of the column decoder Y-DEC are provided 
so as to extend over the plurality of sub memory arrays (SMA), 
is adopted for the selection of a column direction. The column 
select lines YSL are typically formed in an M3 wiring layer 
corresponding to a layer above M2. With regard to the entire 
memory array referred to above, the present invention relates 
to internal configurations of the sub memory arrays SMA and sense 
amplifier blocks SAB placed repeatedly. These detailed 
structures are shown in Fig. 1. 
[1 - 2. 4:5 arrangement (part 1)] 

Fig. 1 shows the layout of one sense amplifier block SAB( j) 
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and a portion or unit in which sub memory arrays (SMA(i), SMA(i+l)) 
are placed on both sides. This figure is characterized in that 
in SMA, four data lines are placed within a predetermined width 
w, whereas in SAB, five data lines ( four data lines and one contact 
pad sequence) are substantially placed in a predetermined width 
W in a manner similar to above. Therefore, the embodiment shown 
in Fig. 1 is called "4:5 layout or arrangement". 

This layout includes repeated patterns in which four sense 
amplifiers SAl to SA4 extend as one group in an X direction (the 
direction in which word lines extend, is hereinafter defined as 
the X direction) in SAA. However, connection patterns for SA3 
and SA4 can be regarded as ones produced by mirror reflected 
inverting of patterns for SAl and SA2 . This layout is 
characterized in that data lines (*9 and *10) lying inside the 
sense amplifier and data lines (*1 and *6) for the sub memory 
array are simply connected to SAl, whereas data lines (*11 and 
*12) lying inside the sense amplifier and data lines (*4 and *7) 
for the sub memory array are connected to SA2 with twists. 
Further, the layout shown in Fig. 1 includes simple repeated 
patterns with respect to a Y direction (the direction in which 
data lines extend, is hereinafter defined as the Y direction). 
The memory array can be extended by repeatedly placing the same 
patterns in the Y direction. Namely, a repeat layout or 
arrangement of SMA and SAB can be implemented by connecting the 
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same one as shown in Fig. 1 to the right side of SMA(i+l). 
Therefore, the expansion of the memory array is easy. 

Within the sub memory array SMA, DL(i)0, DL(i)l, . .., DR(i)0, 
DR(i)l, DL(i+l)0, DL(i+l)l, DR(i+l)0, DR(i+l)l, ... 

indicate data lines respectively. Let's assume that data lines 
(e.g., DR(i)i andDR(i+l)l) corresponding to each other as viewed 
from side to side in SMA(i) and SMA(i+l) are all placed on the 
same virtual lines and no displacements occur in the X direction. 
On the other hand, data lines lying within each sense amplifier 
block are placed so as to slightly shift in the X direction from 
the virtual lines on which the data lines for SMA are placed. 
The respective data lines are placed in parallel at predetermined 
intervals within one sub memory array. Memory cells are omitted 
from the present figure. The present invention is characterized 
in that data lines can be connected even to a memory array having 
such a high-density layout that the interval between the data 
lines reaches twice the minimum feature size F as described later 
in Fig. 5A. Although not restricted in particular, the present 
invention can expect a noticeable or pronounced effect in 
particular where F is less than O.lSumwith the light source for 
the generation ahead of the oscillation of an excimer laser with 
KrF (wavelength: 24 8nm) gas as a premise. 

In the present invention, a phase shift method 
corresponding to lithography using optical interference is used 
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set to the same phase as the data lines indicated by solid lines 
on a phase shift mask. It is necessary to substantially form 
patterns equivalent to five data lines with a predetermined width 
within SAB for the purpose of laying out such a contact pad 
5 sequence. Therefore, the phase layout or arrangement cannot 
simply be matched with the data lines between SMA and SAA. Thus, 
the present invention has revealed a connecting method (patterns 
for connecting areas JO) related to the connections of data lines 
between SMA and SAA and for taking matching with a phase layout. 

10 Of the four data lines (e.g., *1 to *4) adjacent to each 

other continuously within SMA, the two data lines (e.g., *1 and 
*4) are connected to their corresponding adjacent SAA (SAl and 
SA2 ) in JO. The remaining two data lines (e.g., *2 and *3) are 
connected to adjacent SAA of a sense amplifier block (SAB(j- 

15 1) or SAB( j+1)) provided on the side opposite to each other. Of 
the continuous data lines DR( i) 1 , DL( i) 1 , DR( i) 2 , DR( i ) 2 , DR( i ) 3 , 
DL(i)3, DL(i)4, and DR(i)4 shown in Fig. 1, for example, the data 
lines connected to the adjacent SAA of SAB( j ) correspond to DR(i) 1, 
DR(i)2 with the two data lines interposed therebetween, DR( i) 3 

20 adjacent to DR(i)2, and DR(i)4 with the two data lines interposed 
therebetween. Since the respective adjacent data lines take area 
phase-reversal patterns even within the connection area JO even 
in the case of SAA, their layout can be facilitated. Thus, since 
the phase shift patterns for the data lines are opposite in phase, 
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the wiring width/space can be set to the minimum feature size 
F. 

The generalized configuration of the present invention 
introduced from the embodiment shown in Fig- 1 is as follows: 
The number of data lines interposed between the respective data 
lines connected to two adjacent sense amplifiers is set as an 
even number. Here, the even number is defined as 0, 2, 4, . 
and a progression including 0- However, 0 or 2 actually bring 
about the most satisfactory result. This will be explained again 
using a specific example. The two (even-numbered) data lines 
(*2 and *3) are interposed between the data lines (*1 and 4) 
connected to the left sides of SAl and SA2 . On the other hand, 
no data lines exist between the data lines (*6 and *7) connected 
to the right sides of SAl and SA2 . This also could lead to the 
fact that 0 (even-numbered) data lines are interposed 
therebetween. Further, 0 (even-numbered) data lines are 
interposed between the data lines (DR(i)2 and DR(i)3) connected 
to the left sides of SA2 and SA3 . Namely, the above-described 
generalized configuration is established between the arbitrary 
adjacent two sense amplifiers shown in Fig. 1. 

If the above generalized configuration is adopted, then 
a phase difference of 180 degrees can be assigned to the wiring 
patterns without contradiction in the respective areas for the 
sub memory array SAM, the connection areas JO and the sense 
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amplifier area SAA upon fabrication of the data lines through 
the use of the phase shift masks. As a result, the processing 
accuracy of the data lines is enhanced and the scale down thereof 
is promoted. The concept of the generalized configuration 
referred to above is also applied to second and third embodiments 
to be described later as well as to the first embodiment. 

Fig. 2 shows a circuit diagram associated with Fig. 1. One 
contact sequence is laid out between two SAA. SAA comprises sense 
amplifiers SA, precharge circuits PC for precharging the data 
lines to VDL/2, and 10 gate circuits IOG for outputting data on 
the data lines to IO lines (lOOt, IOOb, lOlt and I0lb) . Although 
not restricted in particular, SA is defined as a latch type sense 
amplifier including a P-type MISFET pair whose drains and gates 
are cross-connected and whose sources are commonly connected, 
and an N-type MISFET pair whose drains and gates are cross- 
connected and whose sources are connected in common. CSP and 
CSN indicate common source lines (sense amplifier drive lines) 
connected to the sources of the P-type MISFETs and N-type MISFETs 
of SA respectively. Further, FPC indicates a control signal for 
precharging the data line by each PC, VPLT indicates a plate 
potential of a memory cell capacitor, and VDL/2 is 1/2 of an array 
voltage at a data line precharge level. Each memory cell is a 
DRAM memory cell including one MISFET (NMOS in the figure) and 
a capacitor. 
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Fig. 3 shows mask patterns about SAl and SA2 indicative 
of the typical layout diagram of Fig. 1 more specifically. Fig, 
3A is a layout diagram showing a diffused layer (L and NWEL), 
a gate layer (FG) and a first metal wiring layer (Ml) 
simultaneously. SAP indicates a PMOS transistor section of a 
cross-coupled type amplifier circuit SA, and SAN indicates an 
NMOS section of SA. Each data line is formed in the first metal 
wiring layer (Ml) above the gate layer FG. Incidentally , the 
gate layer (FG) is a layer comprised of polys ilicon or the like 
which forms the gate of each MISFET. The gate of each MISFET 
in the sub memory array acts as a word line simultaneously. 

On the other hand, Fig. 3B is a layout diagram showing only 
the first metal wiring layer in which the data lines in Fig. 3A 
are formed. CPl through CPS correspond to contact pads 
respectively and play roles for performing relay or linkup for 
connecting to the diffused layer formed in a semiconductor 
substrate and a wiring layer above Ml. The manner in which four 
data lines are placed in a width W in SMA, and patterns 
corresponding to five data lines are placed in SAA inclusive of 
a contact pad sequence, is well understood. According to Fig. 
3B, it is understood that phase layouts or arrangements of the 
patters adjacent to one another are opposite in phase to one 
another even if any area of SMA, JO and SAA is taken. The adjacent 
data lines are drawn from the memory array MA in opposite phase 
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and the respective paired data lines are rendered reverse phase. 
As a result, the layout of SAA becomes easy. Further, contacts 
for CSP, CSN, VDL/2 and YS corresponding to control and power 
lines of a sense amplifier circuit are placed between the two 
SAA in a row and shared therebetween. Thus, an advantage is 
brought about in that the data lines and the control/power lines 
can be laid out without switching between phase assignments to 
the data lines within the sense amplifier area. Incidentally, 
CSP, CSN and VDL/2 extend in the same direction as the word lines 
and are formed in a second metal wiring layer M2 above Ml . Further, 
YS extend in the same direction as the data lines and are formed 
in a third metal wiring layer M3, which is further above M2 . 

Fig. 4 is a cross-sectional view taken along line A - A' 
of the area for the N-type MISFET of the sense amplifier shown 
in Fig. 3A. in this figure, L indicates a diffused layer which 
serves as the drain and source of each transistor, FG indicates 
a transistor gate wiring layer, Ml indicates a first metal wiring 
layer, and M2 indicates a second metal wiring layer, respectively. 
CNT indicates a contact hole for connecting Ml and L or FG, and 
TH1 indicates a contact hole extending from M2 to Ml. In the 
present embodiment, one control line or power line is wired within 
Ml lying in the same layer as the data lines for every two sense 
amplifier areas, and its phase layout is represented as 0°, 180°, 
0°, . . . It is thus possible to prevent a short circuit in Ml wiring 
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and between patterns within SAA. 

Fig. 5 is a mask pattern diagram of a sub memory array SMA. 
This figure illustrates a one intersecting-point sub memory array 
having dynamic memory cells each set to a one-transistor 
one-capacitor configuration. Since one memory cell can 
theoretically be formed to six times the square of F, i.e., 6F S 
in the one intersecting-point sub memory array, a large 
characteristic is obtained in that the memory array can be brought 
to high density. In the figure, D indicates data lines, WL 
indicates word lines, L indicates diffused layers for switch 
MISFETs of memory cells, DLCT indicates contacts for connecting 
the data lines and L, and SNCT indicates contacts for L and 
electrodes of capacitors of the memory cells . A source-to-drain 
path of each switch MISFET is formed between DLCT and SNCT. 
incidentally, DLCT is shared between two memory cells adjacent 
to each other in the direction in which the data lines extend, 
in Fig. 5A, the pitch of each data line becomes 2F. Here, the 
width of the data line must be less than or equal to F to set 
the interval between the adjacent data lines to be greater than 
or equal to F. Further, the data line is not a perfect line and 
meanders. Incidentally, the pattern diagram itself of the one 
intersecting-point memory cell array shown in Fig. 5A has been 
described in Fig. 1 of [Reference 3 ] . On the other hand, the 
data-line pitch is relaxed and set to about 3F in Fig- 5B. Even 
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in this case, the interval between the data lines must be greater 
than or equal to F. Incidentally, the pattern diagram itself 
of the one intersecting-point memory cell array shown in Fig. 
5B has been described in Fig. 10 of [Reference 3]. In the 
embodiment shown in Fig. 1, although not restricted in particular , 
the adoption of the patterns, which make it satisfactory to 
separate between the data lines upon lithography, allows 
adaptation to the memory array in which the pitch of the data 
line in Fig. 5A reaches 2.5F or more, or allows adaptation to 
such a memory array as shown in Fig. 5B. 

Operation and effects of the present invention at the 
above-described 4:5 layout or arrangement are as follows: 
(1) in a memory cell array having an open data line 
arrangement and sense amplifiers, the shape or configuration of 
connections between the memory array and sense amplifiers which 
have allowed for micro-fabrication, has been revealed. Such a 
connected shape is characterized by patterns for connecting two 
data lines (e.g., *1 and *4 ) interposing two adjacent data lines 
(e.g., *2 and *3 in Fig. 1) therebetween to their corresponding 
adjacent two sense amplifiers (e.g. , SAl and SA2) in one memory 
array. Owing to the adoption of such connecting patterns, 
positive and negative phases can be assigned to their 
corresponding adjacent patterns without contradiction at the 
memory array, sense amplifiers and the connected portions between 
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the memory array and the sense amplifiers. It is therefore 
possible to form data lines in a high resolution through the use 
of the phase shift method. This promotes the scale down of the 
semiconductor integrated circuit and contributes to an increase 
in the scale of a memory and a cost reduction in the memory. 

( 2 ) Owing to the adoption of the open data line arrangement, 
the area of one memory cell can be reduced to a minimum 6F J and 
hence a reduction in the area of the memory array can be achieved. 

(3) Owing to the provision of one contact pad sequence 
between two sense amplifiers, power wiring for the sense 
amplifiers, etc. can be formed according to a normal production 
process . 

(4) Since a perfect self-reproduction type repetitive 
structure is provided, the extension of a memory array in which 
a plurality of sub memory arrays and sense amplifier blocks are 
arranged, is facilitated. 

[1 - 3. 4:5 arrangement (part 2)] 

Fig. 6 shows a modification of Fig. 1. A circuit diagram 
corresponding to Fig. 6 is shown in Fig. 7. While mask patterns 
are omitted, modifying Figs. 3A and 3B can easily form the mask 
patterns. A layout shown in Fig. 6 is identical to Fig. 1 in 
that the "4:5 arrangement" is adopted. However, phase 
assignments to data lines are reversed in adjacent sub memory 
arrays (SMA(i) and SMA( i+1 ) ) - Namely, as compared with Fig. 1, 
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the layout shows the case in which a phase-reversal relationship 
is established between DR(i)l and DL(i+l)l- Only the right side 
is different from the layout shown in Fig. 1 with SAB (j) interposed 

between SMA(i) and SMA(i+l). 

in the layout shown in Fig. 6, a repetitive structure is 
not simple. A first repetitive layout is that those just the 
same to Fig. 6 are connected to the right side of SMA(i + l) with 
one data line being shifted below. A second repetitive layout 
results in combined patters of Fig. 6 and Fig. 1. First of all, 
the left side of Fig. 6 can simply be connected to the right side 
of Fig. 1. As patterns connected to the right side of Fig. 6, 
those obtained by interchanging the solid lines and broken lines 
in Fig. 1 are connected. The layout shown in Fig. 6 has the same 
operation and effects as the layout shown in Fig. 1 except that 
L5 a sub-array repetitive structure becomes slightly complex as 
compared with Fig. 1 . Further, the shape of connections between 
the data lines shown in Fig. 6 becomes precisely identical to 
Fig. 1 if attention is paid to the right side of SAB(j). The 
characteristics of patterns are described in the same manner as 

20 Fig. 1. 

<Second embodiment> 

[2 - 1. 4:4 arrangement (part 1)] 

Fig. 10 shows phase assignments in a layout of sub memory 
arrays (SMA) and a sense amplifier block (SAB) employed in a second 



embodiment of the present invention. The second embodiment is 
characterized in that four data lines are placed in a 
predetermined width W within both SMA and SAB. Therefore, the 
layout shown in Fig. 10 is called "4:4 layout or arrangement". 
Namely, as compared with Fig. 1, no contact pad sequence is 
provided in a layer in which data lines are formed. Portions 
other than the contact pad sequence have configurations common 
to the first embodiment. 

This layout has repeated patterns in an X direction with 
two sense amplifiers SAl and SA2 as one group. In view of this 
point, the present layout has the advantage that the patterns 
are simplified as compared with Fig. 1. In SAl, a data line lying 
inside a sense amplifier and a data line for a sub memory array 
are simply connected to SAl . SA2 features that while a data line 
lying inside a sense amplifier and a data line for a sub memory 
array are simply connected thereto, the direction of its 
connection is opposite to SAl. The layout shown in Fig. 10 has 
a perfect self-reproduction structure with respect to a Y 
direction in a manner similar to Fig. 1. 

In the present embodiment, the patterns lying in the same 
layer (Ml) as the data lines are not used within SAA except for 
the data lines. Such a layout is available where a structure 
in which contacts are defined in a gate wiring layer (FG) and 
a diffused layer (L) directly from layers (M2 and M3 ) above the 
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data lines (Ml) or without a pattern for Ml, can be formed, or 
where the pattern for Ml is not required except for the data lines . 
Fig. 12 shows actual layout patterns corresponding to Fig. 10. 
As is understood from Fig. 12B, such contact pads as to disturb 
phase layouts or arrangements are not provided in a first metal 

wiring layer Ml . 

Fig. 13 shows a cross section taken along line A - A' in 
a portion of an N-type MISFET of the sense amplifier shown in 
Fig. 12. In Fig. 4, the structure has been adopted in which the 
contact is formed in the diffused layer L through the contact 
pad CP of Ml temporarily as viewed from M2 . In the present 
embodiment contrary to this, a contact is directly made in a 
diffused layer L via a through hole THl ' as viewed from M2 above 
Ml. Since the contact is made in L without the pattern for Ml 
as viewed from M2 in the layout shown in Fig. 10, the phase 
arrangements of Ml take simple repetition of 0° and 180° for every 
data lines even within SAA. As to the data lines in a manner 
similar to the first embodiment, two of four data lines 
continuously provided within SMA are connected to SAA drawn to 
SAB and adjacent to each other. The remaining two data lines 
are connected to adjacent SAA of a sense amplifier block (SAB( j-1) 
or SAB(j+l)) provided on the side opposite to each other with 
SMA(i) or SMA(i+l) interposed therebetween. In the present 
embodiment, an advantage is brought about in that since the number 
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of data lines per SAA lying in the same layer (Ml) as the data 
lines is two alone, the layout of SAA becomes an easy. Besides, 
the reverse phase setting of each data line allows a reduction 
in the space between the adjacent data lines. 
5 The layout shown in Fig. 10 depends on the presence or 

absence of the technology of producing the through hole TH1' for 
connecting the two layers at a time as shown in Fig. 13. Namely, 
it is normally necessary to provide through holes TH1 for 
connecting M2 and Ml for other circuit portions. Therefore, two 

10 types of through holes different in depth, in which a through 
hole extends from M2 to L and a through hole extends from M2 to 
Ml, become necessary. It is also necessary to form plugs which 
bury the through holes different in depth and perform connections 
via the through holes. Thus, the layout shown in Fig. 10 is 

15 effective for the case where such a through-hole forming 

technology can be used. If there are reversely circumstances 
that the through-hole forming technology for connecting the two 
layers at a time cannot be used, the layout shown in Fig. 1, which 
is the most common means, for example, can be adopted. While 

20 the layout shown in Fig. 10 as described above is different from 
the layout shown in Fig. 1 in that the through holes for connecting 
the two layers at a time are used, it is similar to that shown 
in Fig. 1 in point of basic operation and effects. Further, the 
connected shapes of the data lines in Fig. 10 can define 
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characteristic connection patterns in a manner similar to Fig. 
1 if attention is given to the right side of SAB(j). Figs. 1 
and 10 are different from each other in that the connections of 
the data lines within SA2 are opposite to each other. Further, 
since the four data lines are placed in the predetermined width 
W within both SMA and SAB, the embodiment shown in Fig. 10 can 
cope with the memory array, in which the pitch of each data line 
shown in Fig. 5A reaches greater than or equal to 2F, and cope 
with such a memory array as shown in Fig. 5B although not 
restricted in particular. 
[2 - 2. 4:4 arrangement (part 2)] 

Fig. 11 shows a modification of the layout shown in Fig. 
10. Fig. 11 has been derived from Fig. 10 in a manner similar 
to the method of modifying Fig. 1 for Fig. 6. Namely, Fig. 11 
shows the case where phase assignments of data lines are reversed 
in sub memory arrays (SMA( i) and SMA( i+1 ) ) adjacent to each other 
(DR(i)l and DL(i+l)l are opposite in phase). The difference 
between Fig. 10 and Fig. 11 resides in that SAA is interposed 
between the sub memory arrays and only the right side is different 
each other. 

Even in the case of the layout shown in Fig. 11, two types 
are considered as continuous repetitive structures of sub memory 
arrays SMA and sense amplifier blocks SAB in a manner similar 
to the layout shown in Fig. 6. Namely, they include a first 
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repetition layout or arrangement in which the pattern itself of 
Fig. 11 is kept down by one data line and which is connected to 
the right side of SMA(i+l), and a second repetition layout or 
arrangement in which the layout shown in Fig. 10 and the layout 
5 shown in Fig. 11 are combined together. Thus, the layout shown 
in Fig. 11 has the same operation and effects as the layout shown 
in Fig. 10 except that the repetitive structure of sub arrays 
becomes slightly complex as compared with Fig. 10. 
<Third embodiment> 

10 [3 - 1. 4:6 arrangement (part 1)] 

Fig. 14 shows the layout of sub memory arrays (SMA) and 
a sense amplifier block (SAB) employed in a third embodiment of 
the present invention and the placement of their phase assignments . 
This figure is characterized in that four data lines are placed 

15 in a predetermined width W within SMA and six (four data lines 
and two sequences of contact pads) data lines are substantially 
placed in a predetermined width W within SAB. Therefore, the 
layout shown in Fig. 14 is called "4:6 layout or arrangement". 
Other portions have configurations common to the first embodiment. 

20 This layout has repeated patterns with two sense amplifiers SAl 
and SA2 as one group as viewed in an X direction. In each of 
SAl and SA2, data lines lying inside the sense amplifiers and 
data lines for sub memory arrays are simply connected to one 
another on the left side, whereas they are connected with twists 
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on the right side. The layout shown in Fig. 14 has a perfect 
self-reproduction structure as viewed in a Y direction in a manner 

similar to Fig. 1. 

Figs. 16Aand 16B shows mask patterns of Fig. 14. Data line 
pairs , and contacts for power and control lines or the like between 
the data line pairs are formed in a first wiring layer Ml. Fig. 
17 is a cross-sectional configuration diagram taken along line 
B - B' of Fig. 16A. As to the data lines in a manner similar 
to the first embodiment, the two of the four data lines 
continuously provided within SMA are drawn to SAB and connected 
to adjacent SAA. The remaining two are connected to adjacent 
SAA of a sense amplifier block (SAB(j-l) or SAB(j+l)) provided 
on the opposite side with SMA(i) or SMA(i+l) interposed 
therebetween. The present embodiment has an advantage in that 
since the contacts for the power and control lines are provided 
between the data lines for every SAA, phase assignments to the 
data lines are in phase and a variation in post-exposure wiring 
width due to the difference between 0° and 180° upon lithography 
can be lessened. In a manner similar to the first and second 
embodiments , the present embodiment also has an advantage in that 
since adjacent data lines are opposite in phase in a connection 
area JO between the sub memory array (SMA) and the sense amplifier 
block (SAB), a layout shown in Figs. 16A and 16B becomes easy. 
A circuit configuration formed within SAA is similar to Fig. 2. 
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There are provided such wirings that phase arrangements or layouts 
of the adjacent Ml layers are always opposite in phase. The 
configuration of SMA is identical to Fig. 6. 
[3 - 2 . 4:6 arrangement ( part 2 ) ] 

Fig. 15 shows a modification wherein in the layout shown 
in Fig. 14, phase assignments to data lines are reversed in 
adjacent sub memory arrays. Assuming that an in-SAA layout is 
similar to Fig. 14, layout patters of data lines drawn from 
SMA(i+l) are opposite to the layout shown in Fig. 14 to make the 
same phase relationship between the data lines connected to SAB ( j ) 
through SMA(i) and SMA(i+l). a layout shown in Fig. 15 is similar 
to Fig. 1 in point of a sub-array repetition structure and has 
the same operation and effects as the layout shown in Fig. 14. 
[3 - 3. 4:6 arrangement (part 3)] 

Fig. 18 shows a modification of the layout of Fig.. 14 , which 
is an illustration of basic patterns based on a "4:6 layout or 
arrangement" . In Fig . 14 , each contact pad sequence was provided 
between the adjacent data lines in one sense amplifier. On the 
other hand, Fig. 18 is different from Fig. 14 in that contact 
pad sequences are provided between respective two adjacent sense 
amplifiers (between SAl and SA2 and between SA2 and SA3, for 
example). An advantage is obtained in that since the contact 
pattern is placed between SAA in Fig. 18, the coupling between 
the sense amplifiers is reduced. Incidentally, Fig. 18 is 
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identical to Fig. 1 in terms of connection patterns for data lines 
in SMA and SAB and phase arrangements except that the contact 
pad sequence is placed between the adjacent two sense amplifiers. 
Thus, the operation and effects of the layout shown in Fig. 18 
are identical to Fig. 1 except that the two contact pad sequences 
are provided. 

[3 - 4. 4:6 arrangement (part 4)] 

Fig. 19 shows a modification wherein in the layout shown 
in Fig. 18, phase assignments to data lines are reversed in 
adjacent sub memory arrays. The present embodiment illustrates 
a case in which phase assignments for data lines are reversed 
in adjacent sub memory arrays where in one sense amplifier area 
(SAA), one pattern such as a contact exists in the same layer 
as each data line. inFig. 19 in a similar to Fig . 18 , an advantage 
is obtained in that since a contact sequence is placed between 
SAA within SAB, the coupling between adjacent sense amplifiers 
is reduced. Assuming that an in-SAA layout is similar to Fig. 
18, layout patters of data lines drawn from SMA(i+l) are opposite 
to a fourth embodiment to make the same phase relationship between 
the data lines connected to SAB(j) through SMA(i) and SMA(i+l). 

<Fourth embodiment> 

The first through third embodiments have described the 
layout having as the characteristic part, the connection of the 
two data lines (e.g., *1 and *4) interposing the two adjacent 
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data lines (e.g., *2 and *3 in Fig. 1 ) therebetween to the adjacent 
two sense amplifiers (e.g., SA1 and SA2 ) in one memory array. 
In the fourth embodiment, a description will be made of a layout 
in which data lines are selected so as to skip one data line ( e. g . , 
*1 and *3) and connected to adjacent two sense amplifiers SA. 
[4 - 1. 4:5 arrangement in which data lines are connected so as 
to skip one data line] 

Fig. 20 shows a layout according to the fourth embodiment 
of the present invention. As compared with Fig. 1 illustrative 
of the first embodiment, the present layout is identical to Fig. 
1 in that the "4:5 layout or arrangement" is adopted, but is 
different therefrom in that data lines extending from a memory 
array are connected to their corresponding sense amplifiers on 
alternate data lines in a connection unit Jl. The present layout 
has repeated patterns with four sense amplifiers SA1 to SA4 as 
one group as viewed in an X direction. Data lines lying inside 
sense amplifiers and data lines in sub memory arrays are simply 
connected to SA1 and SA4 . On the other hand, SA2 and SA3 are 
characterized in that data lines lying inside sense amplifiers 
and data lines in sub memory arrays are connected to one another 
with twists. Further, since the layout shown in Fig. 20 has a 
perfect self-reproduction structure with respect to a Y direction 
in a manner similar to Fig. 1, the expansion of the memory array 
is easy. 
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While phase arrangements at the time that phase shift 
lithography is used, are drawn by solid and broken lines in Fig. 
20, data lines (e.g., DR(i)l and DR(i)2) adjacent to each other 
in the connection unit Jl are identical to each other in phase. 

5 It is thus desirable to make allowance for the interval between 
the adjacent data lines in the connection unit Jl . Therefore, 
the invention according to the layout shown in Fig. 20 allows 
the formation of further satisfactory data lines in the case of 
a combination with the memory array in which the pitch between 

10 the data lines shown in Fig. 5B reaches three times (3F) the 
minimum feature size F. 

According to the layout shown in Fig. 20, an advantage is 
brought about in that the data lines are configured to be 
alternately charged and discharged in the memory array of the 

15 data lines, which is set as the reference side, and noise produced 
in the coupling between the data lines at their amplification 
can be lessened . This will be described with respect to SMA( i+1 ) 
at the time that SMA(i) is activated. When SMA(i) is activated, 
half of data lines connected to SAB(j) and SAB(j+l), of SMA(i-l) 

20 and SMA(i+l), are charged and discharged. Namely, while data 
lines DL(i+l)l, DL(i+l)2, DL(i+l)3, DL(i+l)4, ... are charged 
and discharged, a shielding effect is obtained because data lines 
DR(i+l)l, DR(i+l)2, DR(i+l)3, DR(i+l)4, ... are interposed 
between these data lines one by one. Further, coupling 
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capacitance between the respective adjacent amplified data lines 
DL(i+l)l, DL(i+l)2, DL(i+l)3, DL(i+l)4, ... becomes small, 
whereby the noise is reduced. 

[4 -2. 4:4 arrangement in which data lines are connected one by 
one] 

Fig. 21 shows an example in which the way of concept 
identical to Fig. 20 is applied to the "4:4 arrangement" layout 
shown in Fig. 10. This layout has repeated patterns with two 
sense amplifiers SAl and SA2 as one group as viewed in an X 
direction. Data lines lying inside sense amplifiers and data 
lines in sub memory arrays are simply connected to SAl and SA2 . 
Further, the present layout has a perfect self -reproduction 
structure in a manner similar to Fig. 1 with respect to a Y 
direction. 

Since the adjacent data lines are in phase in the connection 
unit Jl, the present layout is also good in compatibility with 
a combination with a memory cell array in which the interval 
between the data lines in Fig. 5B becomes 3F. Even in Fig. 21 , 
an advantage is brought about in that the data lines are configured 
to be alternately charged and discharged in the memory array of 
the data lines, which is provided as the reference side, and noise 
produced in the coupling between the data lines at their 
amplification can be lessened. The present embodiment 
corresponds to a case in which patterns other than the data lines 
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are not required within the same layer as the data lines in SAA. 
A process similar to the second embodiment can realize this 
embodiment. According to this process, the layout of the same 
layer (Ml) as the data lines in the SAA becomes easy. 
5 [4-3.4:6 arrangement in which data lines are connected for each 
line] 

Fig. 22 is an example in which the way of concept identical 
to Fig. 20 is applied to the "4:6 arrangement" layout shown in 
Fig. 18. This layout has repeated patterns with two sense 

10 amplifiers SAl and SA2 as one group as viewed in an X direction. 
Data lines lying inside sense amplifiers and data lines in sub 
memory arrays are simply connected to SAl. On the other hand, 
a characteristic is brought about in that data lines lying inside 
the sense amplifiers and data lines in the sub memory array are 

15 connected to SA2 with twists. The present layout has a perfect 
self -reproduction structure in a manner similar to Fig. 1 with 
respect to a Y direction. 

Since the adjacent data lines are in phase in a connection 
unit Jl, the present layout is also good in compatibility with 

20 a combination with a memory cell array in which the interval 
between the data lines in Fig. 5B becomes 3F. Even in Fig. 22, 
an advantage is brought about in that the data lines are configured 
to be alternately charged and discharged in the memory array of 
the data lines, which is provided as the reference side, and noise 
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produced in the coupling between the data lines at their 
amplification can be lessened. The present embodiment shows a 
case in which one contact pad sequence for sense amplifier control 
and power lines is provided in the same layer as the data lines 
in SAA with respect to one of data line pairs . Although the layout 
of a layer for the data lines becomes difficult, noise produced 
in the coupling of data line pairs to data lines in an adjacent 
sense amplifier area can be reduced by patterns for control and 
power lines. 

The eleven types of typical layout patterns of Figs. 1, 
6, 10, 11, 14, 15, 18, 19, 20, 21 and 22 have been described above . 
However, the respective layout diagrams show the most typical 
ones . The modifications can be configured by typical geometrical 
symmetry operations (such as mirror reflection, rotation) 
respectively, fall within the category of the present invention. 
Since the layout shown in Fig. 1 has a mirror reflection axis 
(X mirror reflection axis) extending in an X direction with SAB 
as the center, for example, a layout turned back about the X mirror 
reflection axis is included in Fig. 1. Further, a first Y mirror 
reflection axis extending in a Y direction exists between SAl 
and SA2. Furthermore, a second Y mirror reflection axis is 
provided even between SA3 and SA4 . First, patterns, which 
mirror-reflect SAl and SA2 with respect to the first Y mirror 
reflection axis, are produced, and patterns, which mirror- 
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reflect SA3 and SA4 with respect to the first Y mirror reflection 
axis, are produced. An arranged one of these (row or sequence 
of mirror-reflected SA2, SAl, SA4 and SA3) is also included in 
Fig. 1. 

5 According to a first layout of the present invention, wiring 

at a portion where patterns extremely vary as in the case of 
between sense amplifiers subjected to sense amplifier alternate 
arrangements and sub memory arrays in a one intersecting-point 
memory cell array, can be prevented from breaking and shorting. 

10 According to a second layout of the present invention, noise 
produced in the coupling between data lines in a one 
intersecting-point memory array can be reduced. 

While the present invention has been described with 
reference to the illustrative embodiments, this description is 

15 not intended to be construed in a limiting sense. Various 

modifications of the illustrative embodiments, as well as other 
embodiments of the invention, will be apparent to those skilled 
in the art on reference to this description. It is therefore 
contemplated that the appended claims will cover any such 

20 modifications or embodiments as fall within the true scope of 
the invention. 



